INTRODUCTION
Transport is a significant and increasing source of air pollution in many European cities as well as in Lithuania and emissions from road traffic have been the cause for concern about the effects of urban air quality on human health and environment (Colvile et al., 2001) .
Air pollution emitted from exhaust motor gases, which contain about 200 different chemical substances, penetrates into all urban areas, so the air quality is largely dependent on the existing transportation system in the city (Jakimavičius et al., 2009 ). The quantities of emissions from road transport depend on the vehicle category, road type (urban, rural, motorway), quantity and quality of fuel, driving mode and the intensity of traffic flow. Peak concentrations of pollutants occur during morning and afternoon rush hours due to increasing volume of traffic (Zuurbier et al., 2011) .
The most recent traffic-related pollutant to be implicated in causing an adverse effects on human health and urban environmental quality is nitrogen dioxide, which concentrations tend to be higher near highways, along busy roads (Bellander et al., 2001 ) and in city centres (Bogo et al., 2001 ). According to the latest report from the European Environment Agency (EEA) the lowest pollution levels of nitrogen dioxide occur at rural stations, while the highest NO 2 concentrations and exceedances are observed at traffic stations (EEA, 2012).
Many epidemiological studies followed on the effects of various road traffic emissions on a range of health endpoints and revealed that increased levels of nitrogen dioxide can irritate the lungs, lower resistance to respiratory infec tions, increase respiratory disease (Stud nicka et al., 1997) and also can be associated with asthma incidence rates among children and an increase in emergency cardiovascular hospital admissions (Ballester et al., 2001 ; Lee et al., 2002) .
Urban air quality modelling is a useful tool to describe the relationship between emissions emitted from various sources, meteorology, topography and other factors, which have the impact on the dispersion of pollutants in the city (Daly et al., 2007) .
The Gaussian type models are most commonly used in air quality modelling and are designed to determine the spatial dis tribution of air pollutants concentrations. These dis tributions depend on a variety of meteo ro logical conditions.
Modelling of air pollutants enables the asses sment of many scenarios, which depend on different traffic flows, type of vehicle, number of industrial sources and other factors included in the model as air pollution measurements give information only about a very limited situa tion (Silva et al., 2008) .
One of the most advanced software for urban air quality assessment and management is ADMS-Urban, which can be used to exam ine emissions from many various sources (road trans port, industrial, domestic) simultaneously and is based on the latest understanding of the boundary layer structure (CERC, 2011). ADMS-Urban model is supported for use with ArcGIS software, which allows a visualisation and manipulation of the spatial data (CERC, 2011; Owen et al., 1999) .
The purpose of this study was to assess the dispersion of nitrogen dioxide pollution in cold and warm seasons comparing modelled with ADMS-Urban model and measured concentrations in Kaunas city.
MATERIALS AND METHODS
The ADMS-Urban model ADMS-Urban is a Gaussian dispersion model developed by Cambridge Environmental Research Consultants (CERC), which can si mulate air pollution in urban areas using point, line, area, volume and grid source types (CERC, 2011).
Road transport emissions were calculated from traffic flow data by using the 1999 De sign Manual for Roads and Bridges (DMRB 1999) emission factor dataset. Road name, elevation of road (m), road width (m), canyon height (m), road geometry (x, y), vehicle category, average speed (km/hr) and emissions (g/km/s) were entered for each road segment. Traffic flow measurement data were obtained from directly counting the number of light and heavy duty vehicles at selected points in Kaunas city and were used to calculate vehicle count per hour.
The main industrial point sources of Kaunas city were included in the modelling and each of them has parameters of source name, type, height (m), diameter (m), velocity (m/s), temperature of the release (°C) and X,Y coordinates of the centre of the point source.
Grid source cells (a total number of 2028 grid cells) were used to define emissions from domestic heating sources, whose emissions significantly increase the total air pollution in the city during winter.
Average annual background concentration data were obtained from rural monitoring site around the city and were included in the modelling to represent pollutants transported into the modelled area for 2011.
Hourly sequential meteorological data for 2011 were used in this study and contain infor mation about year, day, hours, surface temperature (°C), wind speed (m/s), wind angle (°), cloud cover (oktas) and relative humidity (%).
The comparison between cold (winter) and warm (summer) seasons wind roses of 2011 year datasets are shown below (Fig. 1) . The wind roses show that the dominant direction of wind is from southwest in winter season, while for summer season -from southeast and northwest. High-speed winds blow from the west and southwest direction.
Measuring NO 2 with diffusive samplers NO 2 concentrations were measured using Ogawa passive samplers. Sampling was carried out in 41 measurements point in Kaunas city. All Ogawa passive samplers were exhibited for 14 days. Measurements were taken in cold and warm seasons. The comparison between mea sured with Ogawa passive samplers and modelled with ADMS-Urban dispersion model nitrogen dioxide concentrations in cold and warm seasons was made by calculating differences.
RESULTS AND DISCUSSION
Distribution of NO 2 pollution levels and passive samplers measurements sites in Kaunas city during cold and warm seasons are presented in Fig. 1 and Fig. 2 . These two layers of geographic data were combined using a geographic information system (GIS).
The highest pollution level was modelled in the central district in both studied seasons, average NO 2 (Fig. 2) . Modelled concentrations of nitrogen dioxide were much lower in warm season and the highest pollution level was determined near high-traffic areas and in the main streets of the city with high traffic volume (these are presented mostly in the city centre) as the road transport is the main source of urban air pollution at this time. The lowest NO 2 concentration was modelled in Panemunė and Aleksotas districts 6.5 and 7.3 µg/m 3 , respectively.
In order to validate AMDS-Urban model, average NO 2 concentrations predicted by this mo del were compared to NO 2 concentrations from Ogawa passive samplers at 41 measured site in Kaunas city during cold and warm seasons.
The comparison between measured and mo delled concentrations of nitrogen dioxide is shown in Fig. 4 The data presented in Fig. 5 show that during cold season the difference between most of the measured and modelled values ranged from -6 to 2 μg/m 3 , while during the warm sea son the difference between concentrations of NO 2 measured by Ogawa passive samplers and modelled using ADMS-Urban model were lower and most values ranged from -2 to 2 μg/m 3 ( Fig. 6) . The results showed that ADMS-Urban dispersion model tends to overpredict nit rogen dioxide concentrations and this is most 
